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VERTICAL GROUND FORCE DISTRIBUTION IN HEALTHY SUBJECTS 
PERFORMING LOWER BODY POSITIVE PRESSURE TREADMILL 
EXERCISE 
CAMERON KEANE 
ABSTRACT 
Objective: Accidents continue to remain one of the leading causes of death in the 
elderly, with falls being at the top of the list.  Death does not always result from the fall 
itself, but rather the complications that arise from extended bed rest and reambulation 
after the incident.  A focus needs to be placed on determining how to improve 
rehabilitative protocols, decreasing overall time of bed rest before returning to their 
normal quality of living.   Lower Body Positive Pressure (LBPP) is a rehabilitative 
method that incorporates the benefits of unweighting patients in order to expediate their 
recovery process.  LBPP’s effect on gait mechanics remains to be explored.  This study 
aims to understand the effects of different levels of speed and LBPP on foot strike 
pattern.  We hypothesized that with increased LBPP there would be a shift to a forefoot 
strike (FFS) from baseline foot strike behavior.  We then hypothesized that this FFS 
would return back to a typical rearfoot strike (RFS) pattern with increased speed of 
exercise.    
Methods:  Ten healthy subjects participated in a walking and running exercise trial with 
LBPP.  The subjects walked at a pace of 2 miles per hour (mph), and jog at 6mph for five 
different levels of LBPP, 100%, 80%, 60%, 40%, and 20% of their total bodyweight.  
Data analysis was performed by examining force and pressure underneath the feet during 
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each stance phase of the exercise performed.  RFS and FFS were measured using a force 
by stance graph for both speeds, as well as 3-D framed pictures of the pressure 
underneath the feet at precise moments of each subject’s stance phase. 
Results:  The data showed a presence of a RFS before transfer of force to the forefoot at 
2mph.  The data also showed that a RFS was present before transfer of force to the 
forefoot at 6mph. Subjects weighing less than 55 kilograms (kg) exhibited more of a FFS 
at 2mph than subjects weighing greater than 55kg.  There were several strike pattern 
differences in the data of subjects weighing greater than and less than 55kg.  There was 
significance (P<0.05) found in the comparison of force and stance’s, as well as the 
comparison of speed and stance’s effect on the degree of variation within the data.  
Multiple comparisons performed between each level of unweighting found significance 
(P<0.0001) between each different level at different speeds.  
Conclusion:  The lack of a FFS with increased LBPP at 2mph did not support our first 
hypothesis.  Our results did support the second hypothesis that increased speed displays 
more of a RFS pattern with increased LBPP. Strength may have been the cause of 
difference in strike pattern between subjects weighing less and more than 55kg, because 
subjects weighing >55kg could force a RFS at high levels of LBPP, while subjects 
weighing <55kg could not.  Several subjects also noted that they forced their normal RFS 
at the highest levels of LBPP while walking at 2mph, because of the abnormality of their 
movement.   
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INTRODUCTION 
 
The Danger of Immobility 
  Over the next several years, the United States will continue to see an increase in 
its elderly population21.  This rise has long been foreseen and health care officials have 
looked for ways to prevent the substantial rise in health care costs that will result21.  This 
has come in the form of policy adjustments and changes in medical practicum, yet there 
has been no substantial impact as health care spending continues to remain problematic.  
However, health care systems and clinicians have not given up yet, as they continue to 
look to for new methodologies that explore how to help subdue costs.  These include 
investments in preventative medicine, out-patient care protocols, and more advancements 
in technology that could help reduce the amount of patient admissions and 
readmittances21.   
 Statistics and research have been extremely beneficial in bringing to light the 
major causes of death effecting our elderly population.  These data have allowed for 
practitioners to adjust their practices, for the purpose of preventing the emergence of 
specific diseases and injuries22.  This includes using a more holistic approach to putting 
the appropriate medications, rehabilitation, and lifestyle prescriptions in place so that 
patients can become healthier at an expediated pace without recurrence of the illness or 
injury22.  Of course, many of these deaths are unforeseeable, such as cancer, but many of 
them such as diabetes and heart disease can largely be prevented.   
 Accidents are the seventh leading cause of death among older adults6. Of these 
unintentional injuries, falls account for the largest percentage of those deaths33. 29,668 
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U.S. residents aged >65 years died as a result of a fall in 20166. Overall, one out of every 
four individuals over the age of 65 fall each year, which is approximately 3 million per 
year6.  Additionally, the number of deaths from these falls have not appeared to begin 
slowing down, as the number of falls from 2007-2016 increased by 31.0% 6. 
 Furthermore, these staggering numbers have forced many physicians to begin 
placing a greater level of importance on informing patients of their increased risk of 
falling based on a number of risk factors.  Clinicians have also started looking at ways to 
prevent the reoccurrence of falls, a risk of that quadruples for the first two weeks after 
discharge from the hospital13.  Falls themselves can lead to crippling injuries that can 
leave severe physiological damage, and those who survive this initial trauma become 
bedridden for quite some time.  This leaves patients more susceptible to becoming ill 
from another disease if they are still present within the hospital setting32.  Bedridden 
patients, even outside of the clinical environment, can see a decrease in their quality of 
life because of a loss of muscle strength, soft tissue changes, osteoporosis, and 
degenerative joint disease4.  Cardiovascular complications are also quite common among 
bed rest patients, with problems including increased heart rate, decreased cardiac reserve, 
orthostatic hypotension, and venous thromboembolisms4.  These issues do not even 
consider the existing conditions that patients might already be facing, such as the risks 
accompanying diabetes or obesity, which become more problematic with sedentary 
behavior. 
 Thus, this information attests to the importance of having techniques and 
strategies in place to manage the care of these at-risk patients, while preventing the 
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negative effects of bed rest that could be fatal.  The benefits of exercise in the elderly is 
well documented, including its ability to enhance the immune system, increase overall 
health, and prevent/reverse the effects of bed rest as discussed above38.  This is why 
researchers and clinicians have stressed the importance of having these patients begin 
therapy and mobility exercises within a few weeks after their incident.  The hope is that 
with continued rehabilitation on their injured joint, the patient can return to their normal 
lifestyle as soon as possible, and maintain their high quality of living.  The difficulties 
that arise with exercise therapy is the pain and discomfort that patients may face because 
of a recently repaired lower extremity fracture.  This is where the importance of 
unweighting machinery can make an enormous impact.  If it is possible to unweight 
patients at a controlled percentage of their bodyweight, they could perform exercises with 
a decreased level of pain on their specific injured anatomy.  This would allow for them to 
restore strength and mobility in an expedited manner and reduce the risk of further 
disease complications and other physiological setbacks that come into play due to 
remaining bedridden.  Additionally, this structural strength, along with an increased 
confidence in their physical capabilities, could prevent future falls that would place these 
patients right back into hospitals with more severe injuries and medical issues.  This 
decreased fall risk could further lead to a decreased potential for more costly surgical 
procedures and treatments that continue to add to our already exhausted health care 
budget. 
 Currently, there are numerous unweighting mechanisms available to patients, 
including water immersion, parallel bars, walkers, crutches, therapist-assisted supporting 
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waist belts, and overhead suspension harnesses.  However, most of these tools have 
disadvantages, including discomfort and alterations of walking gait that lead to unwanted 
stress and future structural damage.  For example, water immersion would be a great 
methodology if it were not for its inability to be used on patients who have experienced 
invasive surgical repair leaving large wounds that could become infected27.  Not to 
mention, the drag of the water could also cause mild gait interference.  Moreover, parallel 
bars and walkers place unwanted stress on the upper bodies of patients, and do not assure 
reduced reaction forces27.  Lastly, waist belts and overhead harnesses irritate skin and 
soft-tissues, which lowers the motivation of patients to continue the exercise27.  For all 
these reasons, Lower Body Positive Pressure (LBPP) may be the best technique available 
to bring comfortable and sustainable exercise to rehabilitating patients with manageable 
changes in their normal walking gate25.   
 
Lower Body Positive Pressure 
National Aeronautics and Space Administration’s (NASA) Ames Research Center 
was the first to design an upright LBPP chamber enclosing a treadmill in the 1990s. The 
purpose of this device was to permit exercise through walking and running at reduced 
gravitational fields.  The creation of this chamber had the initial purpose of serving 
astronauts in space, applying negative pressure to the chambers in order to prevent the 
muscular atrophy space voyagers experience.  Treadmill exercise has been found to 
provide a form of physiological stress in which subjects experience a higher oxygen 
consumption and peak heart rate, and this information led to the decision to use a 
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treadmill within the chamber5,20.  This decision also heavily took into consideration the 
understanding that aerobic exercise is the gold standard for cardiovascular fitness5,20. 
The science behind this device starts with air being pumped into the chamber.  
This air causes an increase in pressure (positive pressure) inside that chamber that 
becomes higher than the external atmospheric pressure.  This pressure differential across 
the cross-sectional area then creates an upward buoyant force, unweighting the individual 
and decreasing the ground reaction force (GRF) (Figure 1)27. The percentage of 
unweighting the individual may experience has a positive correlation to the increasing 
pressure within the chamber, until there is 100% unweighting achieved25.  This individual 
is secured into the chamber with a waist high neoprene seal that separates the upper and 
lower extremities of the body, while sealing in the pressure of the chamber. 
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Figure 1. Diagram of the LBPP treadmill.  This image is an illustration of the LBPP 
chamber that we used for this study and the science that allowed for subjects to be lifted 
within the chamber.  The pressure differential, equal to pressure inside the chamber 
minus pressure outside the chamber equals a buoyant force that, multiplied by the cross-
sectional area of the flexible waist, is taken away from the downward gravitational force, 
and decreases the GRF27. 
 
LBPP’s ability to reduce GRFs, with no severe harm to the cardiovascular system 
and minimal changes in gait analysis have led many to begin seeing the clinical impact, 
this technology could be used for rehabilitating patients and athletes3,26. Several health 
subjects and patient studies have been performed to evaluate the safety of LBPP.  
Researchers have tested blood pressure, brain oxygenation, blood flow velocity through 
the middle cerebral artery, and head skin microvascular blood flow; and all showed no 
significant changes in these factors for LBPP up to 50 millimeters of mercury(mmHg)3.  
Furthermore, preliminary biomechanical studies have suggested reduced GRF and ranges 
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of motion with increased positive pressures, minimal changes in the gait and significant 
pain relief25.   
These preliminary studies allowed for LBPP technology to continue to evolve into 
its most marketed and commercialized form, the AlterG anti-gravity treadmill (AlterG). 
Today, the AlterG is found in hundreds of rehabilitative practices throughout the country, 
and it ranges in price from $34,000 to $75,000, depending on the model (Figure 2).  With 
the creation of this device came newer and more advanced investigation studies that 
looked to understand this tool that was now being used within most major rehabilitative 
practices across the country. The more recent studies have begun to pinpoint interest in 
the combined effects of anti-gravity and other parameters on the biomechanics of the 
people performing exercise within the device. More specifically, looking at comparing 
the effects of speed and unweighting.  One study looked at the electromyographic (EMG) 
activities of the lateral and medial hamstring, and saw that increasing the overall running 
speed on the AlterG treadmill more significantly increased hamstring EMG activity than 
did increasing the bodyweight30.  This explained the significance of monitoring treadmill 
speed when prescribing an LBPP protocol for rehabbing patients.  Another recent study 
looked at foot plantar biomechanics at different running speeds.  While holding 
bodyweight constant, greater increases in plantar foot loading were recorded when 
increasing treadmill speed than when keeping treadmill speed constant and changing 
bodyweight35. 
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Figure 2. The AlterG anti-gravity treadmill. This is an image of one of the AlterG 
anti-gravity treadmills used across the United States for rehabilitation exercise.  This 
picture depicts the state-of-the-art design and engineering used to create this device.  This 
includes a black zipper harness at the top-middle of the machine used to secure a subject 
into the machine, the easily inflatable and plastic seal around the treadmill, and the touch 
screen display in front of the user for them to operate the machine with ease14. 
 
 
More notably, numerous studies have begun to find a profound effect of LBPP on 
the foot strike of individuals performing treadmill exercise10,15,31.  Relationships have 
been discovered between increases in unweighting and a shift in regional loading of the 
foot more towards the forefoot10.  Thus, LBPP exercising might result in subjects 
beginning to run with a more prominent forefoot strike (FFS) than a rearfoot strike 
(RFS).  This was a profound finding in that it showed LBPP could potentially cause an 
unwanted alteration in the foot strike of subjects and patients performing treadmill 
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exercise under such conditions.  This, more importantly, stressed the significance of 
being able to identify what specific pressures caused this change in foot strike, and how 
we could alter or control for this change so practitioners could most effectively use the 
AlterG in their practices. 
These more recent studies established the importance of speed and foot strike, 
generating our idea that foot strike can be controlled for under the presence of LBPP 
while performing a specific exercise speed. 
 
Clinical Significance 
Following a similar theme, research has found that runners performing at higher 
endurance speeds exhibit more of a RFS or convert from a FFS to RFS during the event18-
19, 40.  This information, and the findings that plantar loading increases when increasing 
the speed of a treadmill, suggests that participants may see a return to their normal foot 
strike, a RFS, as compared to a FFS with increased treadmill speed at high levels of 
LBPP.  Furthermore, specific speeds of running and different levels of unweighting 
could, therefore, be universally mapped for clinicians to use, in order to control for the 
foot strike, they want their patients to experience while exercising.  This has two 
applicable uses in clinical settings, one being the prevention of a newly attainable FFS for 
an elderly population that may not be used to it. Secondly, the use of a new FFS for 
patients rehabilitating from an Achilles injury, making it possible to exercise with 
minimal stress on the joint ligament. 
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 The biomechanics of a FFS includes a plantarflexed ankle with the foot being 
slightly inverted17.  The knee is flexed at impact and contact with the ground is at the ball 
of the foot, below the fourth and fifth metatarsal heads that after impact an eversion and 
dorsiflexion of the foot is exhibited17. For a RFS, the ankle is dorsiflexed before landing, 
then impact occurs at the middle to outside of the heel, and follows with the foot 
plantarflexing as the toes move toward the ground17.  The marked difference between the 
two is clearly depicted in a force dependency on stance/time graph that shows the absence 
of an impact transient peak with a FFS, and its presence with the use of a RFS (Figure 
3)17.  
 
Figure 3. Force versus time graphs of a RFS and FFS. It is clear from these images the 
difference in a RFS (a) and a FFS (b), with the presence and absence of an impact 
transient peak circled in red on a.  The pictures of the feet above the graphs show the 
difference in transfer of force from the different anatomical parts of the foot for a RFS 
and FFS.  We plan to use the information in these graphs to analyze our data and 
determine if a subject has a FFS or a RFS pattern.  This figure is modified from its 
original version17. 
 
Given the higher prevalence of RFS within the population, if an elderly individual 
were to train under LBPP conditions, and were to begin to adopt an alteration in their foot 
a b 
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strike that was similar to a FFS, there could be problematic implications for that patient.  
A FFS distributes more demand on the ankle joint in the sagittal plane, placing these 
individuals at a greater risk of ankle injury25.  Furthermore, with less power absorption at 
the knee with RFS, patients attempting to exercise the knee for rehabilitative purposes 
may not be able to do so to the extent that they may want to with a FFS, ultimately 
leading to a slower recovery process25. FFS increases the load to the posterior calf 
musculature and, thereby, increase the risk of calf strains and Achilles tendinopathies, as 
well as increase the load being placed on the metatarsal heads, which could cause stress 
fractures and forefoot pain16. It is advised that individuals transitioning from a RFS to a 
FFS have strong calf muscles to offset the issues mentioned, which generally is not the 
case for elderly individuals trying to regain their strength from injury16. In addition, 
energy expenditure and oxygen consumption increase with the adoption of a FFS from a 
habitual RFS, which could lead to unwanted fatigue in elderly patients with low levels of 
energy and strength at baseline9. Overall, a newly adopted forefoot strike can alter the 
force distribution at different joints, leaving unwanted stress on new areas and joints, 
along with an added energy expenditure.  Eventually, these two scenarios could lead to 
further musculoskeletal injury, which is the exact opposite outcome we would want for 
an injured elderly individual attempting to return to their normal quality of life from a 
previously sustained lower body injury.  Thus, it is imperative that we learn to control for 
the shift to a FFS that has been proven to occur while individuals perform treadmill 
exercise with LBPP. 
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 Alternatively, having the ability to maintain the FFS within the LBPP treadmill 
could be beneficial to patients recovering from Achilles injuries, such as an acute 
Achilles tendon rupture (AATR).  This common ligament injury has had an increasing 
overall incidence according to a study that began back in 1979, which has indicated an 
increase from 2.1 people per 100,000 person-years suffering the tear to 21.5 per 100,000 
people in 2011 with these tears12.  Also, a significant new trend seen with this injury is 
the declining use of surgical repair in the process of recovering from the injury 2.  The 
typical rehabilitation protocol after surgical or nonsurgical management includes; 1-2 
weeks post injury, touchdown weight bearing (TDWB) with axillary crutches and 
continuous use of boot that locks the joint at 20-30 degree plantarflexion. TDWB 
includes toe or foot touching the ground with zero percent of the weight being placed on 
the joint.  Then at 2-4 weeks, weight bearing as tolerated (WBAT), in the boot with upper 
body support is allowed and active dorsiflexion exercises to neutral positioning. This 
continues to 4-6 weeks post-surgery with increased WBAT, advancement of dorsiflexion 
and plantar exercises, lessened degree of boot plantarflexion, and the implementation of 
heel lifts. The heel lifts are eventually removed in weeks 6-8, and WBAT is continued 
with more advanced physical therapy being prescribed (1,8,24,28,39).   
 Researchers and practitioners have found that the prevention of dorsiflexion is of 
the most importance with recovery from an AATR24.  This is why patients’ injured ankles 
are placed in an ankle-foot orthosis (AFO), commonly a walking boot, with a 20-30 
degree plantar flexion or heel lift that allows for varying degrees of static or dynamic 
ankle plantar flexion, but limited ankle dorsiflexion (Figure 4)23. 
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Figure 4. AFO used for rehabilitating Achilles injuries.  This orthosis can be placed 
into a boot post-injury of the Achilles, or repairment of the injury.  The foot-shaped 
platform at the bottom of the orthotic can change its angle of alignment, and allows for 
the patients’ ankle joint to maintain that angle in the boot, preventing unwanted 
dorsiflexion of the ankle29.  
 
Along with the use of AFOs, researchers document that early mobilization of the 
tendon is very beneficial for the effective healing of the joint with decreased rerupture 
rates37.  They expect the enhancement is from minimization of muscular atrophy, better 
localization of collagen, and improved vascularity of the tendon7. Prolonged 
immobilization probably has more detrimental effects, including arthrofibrosis, joint 
stiffness, calf atrophy, damage of articular cartilage, and deep venous thrombosis7. Thus, 
LBPP treadmill exercise could be a perfect mode of exercise for recovering patients 
during that 2-8 week recovery protocol time frame because of its ability to cause a FFS 
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without the initial impact peak that occurs in a RFS (Figure 3), and places a lot of force 
on the heel and injured Achilles joint.  The FFS does place a larger external dorsiflexion 
moment around the ankle, but this would be controlled for due to the administered AFOs 
that limits dorsiflexion and the lever action of the extensor muscles of the leg. Therapists, 
with this capacity to control for the specific force being placed on the Achilles tendon 
could help improve the rehabilitative protocol so that patients can continue to exercise at 
a more controlled rate with less discomfort.   
Overall, if practitioners are able to effectively control the way in which the foot 
strikes the ground, whether that be more of an FFS or RFS, they will be able to create 
more patient specific protocols for rehabilitation using any LBPP or AlterG-type device 
for different injuries of the lower body.  We believe this is possible through the 
implementation of different speeds during LBPP treadmill exercise. If we were to map 
the speeds at which an FFS and RFS occur under specific positive pressures, then we 
might discover a universal method for controlling the way the foot acts mechanically 
within the chamber. Theoretically, clinicians could prevent an unwanted foot-strike 
pattern that would place stress on new joints, or unwanted stress on reconstructed joints, 
like an AATR.  This is the reasoning for why we decided to undertake this study, in order 
to explore the effects of speed and LBPP on the foot strike patterns of individuals that 
have experienced the occurrence of specific orthopedic injuries.  Thus, we first 
hypothesize that increased LBPP will cause a FFS pattern of foot strike. Then based on 
the first hypothesis, our second hypothesis is that this FFS will return to a normalized 
RFS pattern with increased speed of treadmill exercise. This is our expectation based 
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upon the prior research discussed above. If this is true, our rehabilitative practices would 
improve, and as a result we would expect the number of injuries and reinjuries to 
decrease.  This will help keep patients healthier for longer periods of time, preventing 
health care costs from rising, and making patient care manageable for practitioners as the 
elderly population continues to grow.   
 
METHODS 
This study’s procedure that permitted me to investigate and analyze the 
hypothesis stated above, based upon the data we collected, was split into several parts:  1) 
gaining approval from the Institutional Review Board (IRB),  2) understanding and fixing 
the machinery and technology used within the study to obtain the best results possible,  3) 
recruiting the appropriate participants from the guidelines of the study’s protocol, 4) 
collecting and analyzing data, with the use of appropriate statistics. All of these 
components allowed for this thesis to be written and for our findings to have a strong 
clinical relevance to the field of orthopedics.     
 
Institutional Review Board 
This portion of the procedural process mentioned above was primarily composed 
of data collection. Research into what exactly entails the science of lower body positive 
pressure, from its creation to its preliminary trials determining its efficacy and safety, to 
now its significant use within the clinical world was explored.  All of this information 
was crucial to creating a research plan with a complete background, procedural protocol 
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for obtaining my data, risks associated with this science and technology, and, most 
importantly, the creation of my hypothesis.  All of this information along with the more 
basic logistics of the study including location and duration was included in a research 
plan and a consent form to be distributed to participants.  This was sent to the University 
of California San Diego (UCSD) IRB to gain approval for the use of human subjects in 
the study.   
 
Equipment and Technology 
There were several devices used within this study that made it possible to record 
the data needed to draw conclusions about my hypothesis.  The two biggest pieces of 
equipment that were necessary for the collection of my data was an LBPP chamber and 
the Tekscan F-scan foot sensor system.  The LBPP chamber used in this study was a 
similar device to the marketable AlterG, using the exact same science, but with slight 
alterations.  It was manufactured by UCSD for the purpose of studying the effects of both 
positive and negative pressure on human physiology when exercising.  The difference in 
this device from the AlterG involved its chamber, which was a custom-made rectangular 
Lexan glass chamber, connected to an adapted computer console that controlled the 
treadmill and its speed (Figure 5). 
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Figure 5. UCSD custom-built LBPP treadmill chamber.  This is the image of the exact 
chamber used to record data within our study.  You can see the treadmill inside the 
chamber with the corresponding Lexan glass rectangle around it.  The small square on the 
side of the chamber with red fasteners around each edge is actually the door used to enter 
the chamber.  On top of the chamber, between the metal stability bars, is where the 
opening is located for the subject to secure their waist into the chamber with the kayak 
girdle before exercise.  Not located in this image, to the left of the chamber, is the 
computer used to operate the treadmill, changing speeds when necessary.   
 
The chamber was also attached to a shop vacuum by a tube that was connected to 
the exhaust output of the vacuum.  The vacuum was plugged into a potentiometer that 
was then inserted into the power to control its output of air being pumped into the 
chamber. This is what allowed for us to control the pressure within the chamber.  The 
higher the output, the higher the pressure in the chamber.  A nylon kayak skirt covered 
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the area where the participants performed their exercise to prevent air leaks, while also 
acting as a harness to secure them within the device.  Positive pressure is what allowed 
for us to lift the subject within the chamber and unweight them systemically using a 
certain body weight percentage, as previously mentioned above. 
The Tekscan F-scan foot sensor software was used to measure force and pressure 
under the feet.  This system is wireless, consisting of high-resolution sensors that 
connected through Wi-Fi to computer-based software.  These sensors are made in the 
shape of the foot with the ability to be cut to fit different men’s and women’s shoe sizes, 
and were used to record several measures that occur at the moment of impact between the 
foot and another surface (Figure 6).  These sensors require a system setup and physical 
setup of the equipment on the subject using them. The equipment consists of a center 
console that wraps around the waist with a battery pack plugged in for an energy source 
(Figure 6).  This console connects by wires to ankle adapters that are velcroed to ankle 
cufflinks, which allow for the connection of the sensors to the center console that 
digitally sends the measures recorded in the sensors to the computer through the Wi-Fi 
signals it sends out.   
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Figure 6. Tekscan F-Scan foot sensor technology.  This image is a compilation of the 
three main pieces of the Tekscan F-scan foot sensor technology.  The picture on the left is 
the foot sensor that we taped to the insoles of the shoes of the participants.  It is what 
recorded the force under the feet at contact with another surface.  The circular lines on 
the sensors correspond to the shoe size the outlined white line would fit into.  The middle 
picture is the center console that wrapped around the waist of the subjects and gave off a 
Wi-Fi signal so the sensors could connect to the F-scan laptop software.  The right picture 
shows an ankle adapter that connects the foot sensor and center console to each other by 
ethernet cable.  These adapters are attached to an ankle of one of our subjects by Velcro 
cufflinks and added tape for security.   
 
 Both these devices required several weeks of research and testing to be able to 
understand the operation of these systems, while also overcoming the trouble shooting 
that came with their operation.  These efforts were necessary for the most effective use of 
this technology and to obtain the best data possible.  Examples of this trouble shooting 
included, replacement of sealants and introduction of silicon caulking on the LBPP 
chamber to cover certain screws and slits to assure the prevention of air leakage.  The 
sensor equipment required gaining a complete understanding of the software, and how to 
produce the data I wanted. There were also several problematic instances related to 
gaining a strong Wi-Fi connection that caused delays and required troubleshooting for 
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this issue, which was later found to be battery life.  Working through these problems was 
an integral part of this study because data collection would not have been possible 
without it.   
 
Patient Recruitment 
Patients recruitment was conducted throughout the UCSD medical system and the 
surrounding San Diego area.  An informative flier was created with contact information 
attached in order for students at UCSD and other members of the community to 
understand what our study was about, and to potentially gain their interest in 
participating.  We were looking for around 10-15 healthy men and women between the 
ages of 20 to 55 years to participate in the study.  
 The exclusion criteria before acceptance into the study included ruling out 
congestive heart failure, pregnancy, history of myocardial infraction or ischemia, history 
of stroke or other evidence of clinical cerebrovascular disease, uncontrolled hypertension, 
sever peripheral vascular disease, deep vein thrombosis, current wound infections, 
serious pulmonary disease, uncontrolled cardiac dysrhythmias, symptomatic severe aortic 
stenosis, acute pulmonary embolism, acute myocardia or pericarditis, history of operation 
on lung or heart, injury or severe pain on lower extremities, and lastly, poor balance due 
to unresolved dizziness. Moreover, any individual with a heart or lung issue, past or 
present, as well as those with any structural orthopedic damage to their lower body that 
makes movement painful was excluded from participating in this study.  LBPP conditions 
  21 
were not expected to cause any ill effects based upon previous research up to 50mmHg; 
however, these precautions were required to be outlined for study approval by the IRB.   
 Once participants were accepted to come partake in the study, they were also 
asked to not heavily exercise at least 12 hours before the actual study protocol was to take 
place. 
 
Data Collection 
We recruited 10 healthy subjects, five men and five women, who met the terms of 
our exclusion criteria and were willing to participate in our study.  They were asked to 
arrive at our laboratory space at UCSD’s Hillcrest Hospital.  Subjects were told to wear 
the appropriate clothing, which was their normal exercise attire with running shoes.  We 
also reminded them to stay well hydrated before participating because of the small 
amount of exertion experienced in the trial.   
 Once the subject arrived, he or she was properly consented about the protocol and 
risks prior to the study.  Their age, gender, and body mass in kilograms (kg) were all 
recorded into the software database. Next, the correct size F-Scan sensors were placed 
into the participant’s shoes, using tape to attach them to the insole of the shoe. The F-scan 
center console and the ankle adapters were also correctly attached to the subject and foot 
sensors (Figure 7).  The equipment was then turned on to test the Wi-Fi signal between 
the sensors and the software.  The participant moved their feet to determine if the sensors 
were showing a clear force distribution throughout the entirety of both feet. 
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Figure 7. Subject with kayak skirt and F-Scan technology.  This is an image of one of 
our subjects with the kayak skirt and the three pieces of F-scan technology (Figure 6) 
attached to them before they entered the LBPP chamber.  Note that the black flap portion 
of the kayak girdle, that the subject is holding in his hands, is the portion to pull over a 
rimmed edge on the LBPP chamber in order to secure our subjects into the chamber and 
prevent air leakage/maintain pressure in the device. In the AlterG, this black flap would 
have a zipper around its edge.   
 
After the initial calibration procedures, the participant stepped into a kayak girdle 
that wrapped around their waist and was custom made to attach to the LBPP chamber 
(Figure 8).  The participant was then asked to step into the chamber and onto a traditional 
bathroom scale to record their total bodyweight in kg.  We then secured the kayak skirt to 
the opening at the top of the chamber.  The chamber was closed off, and the shop vacuum 
was then adjusted to certain levels of power using a potentiometer. We recorded the 
power output at which unweighting of 80%, 60%, 40%, and 20% of the subject’s total 
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body weight (%TBW), were achieved.  Also, the corresponding pressure values were 
recorded in mmHg. Once these values were all recorded, the scale was removed from the 
chamber. A heart rate monitor was also placed on the participant’s wrist to keep track of 
the level of exertion they may be experiencing throughout the study.  Lastly, the subject 
followed our direction on how to configure the sensors.  Finally, the chamber was 
resealed so that we could begin the exercise data collection. 
 
Figure 8. Subject inside LBPP chamber with F-scan technology. This figure depicts 
one of our subjects being lifted within the LBPP chamber.  Note the inflation of the 
kayak girdle at the subject’s waist showing an increase in the pressure inside the chamber 
trying to escape.  With less pressure inside the chamber you would expect the inflation to 
go down.  You can also see the subject up on their toes displaying a sign of unweighting 
that we hope to also see while the subject is moving at lower speeds.   
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We randomly assigned the order of treadmill speed, 2 miles per hour (mph) or 6 
mph, the subject would perform.  The 2mph was chosen as the standard waking speed, 
while the 6mph speed was chosen as the standard of jogging speed. This randomization 
was achieved by flipping a coin, heads indicating 2mph and tails indicating 6mph, and 
based upon which side was facing up, that speed would then be performed first, followed 
by the other. This was repeated for each new %TBW.  The participant started with a 1-
minute warmup at 2 mph, followed by a 1-minute rest, which allowed for the participant 
to get acquainted to moving within the chamber.  They then performed their walk or run 
at those two speeds in their randomized order for each %TBW in the order of 100%, 
80%, 60%, 40%, and 20% bodyweight. At each new %TBW, the power output was 
changed to the appropriate level to obtain the correct pressure in the chamber that 
correlated to the %TBW we aimed at lifting our subject.  Between each speed, the 
participant was given a minute of rest, while the foot sensor data was saved. Twenty data 
sets were recorded in total, and the procedure took approximately 90 minutes.   
  
Data Analysis 
In order to perform data analysis, detailed organization of the data had to take 
place first. The data for each speed and unweighting combination were separately 
exported off the F-scan software and into an excel file. Then, the data were arranged into 
the appropriate columns and rows, aligning each individual step of the left and right foot 
in a series so that an average could be taken of the force underneath the feet for each 
subject’s step.   
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Once the data were properly organized, we performed statistical analysis using the 
GraphPad data analysis software Prism 8 that services customers in over 100 countries 
worldwide.  This software allowed for us to perform a two-way analysis of variance 
(ANOVA) with multiple comparisons in order to compare the effects of force times 
bodyweight and percent of stance on the results of the data, and whether or not these 
effects were significant.  This was done separately for each speed parameter, 2mph and 
6mph.  Then an ANOVA was performed with multiple comparisons between the speed 
parameters to compare the effects of the speed of treadmill exercise and percent of stance 
on the results of the data, and whether or not these effects were significant.  The multiple 
comparison analysis compared the specific unweighting parameters from 100% to 20% 
of TBW, to each other to determine their significance for both speed parameters.  A 
multiple comparison analysis was performed to evaluate each corresponding percent of 
stance value between speed parameters of 2mph and 6mph.   Pictures were also taken 
directly from the Tekscan F-scan software, in order to produce a visual depiction of foot 
strike patterns under the different conditions at different percent of stance points.   
 
RESULTS 
 
Before the data collection of treadmill exercise could commence, we determined 
the pressure inside the chamber that would lift our subjects to a specific % TBW by 
systemically increasing the pressure within the chamber, as well as the corresponding 
power output on the potentiometer for the shop vacuum (Table 1).  When this was 
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performed, we successfully witnessed a strong negative correlation (r= -0.999) between 
the bodyweight of the individual on the bathroom scale and the increased pressure inside 
the chamber (Figure 9).  
 
 
Figure 9. Percent TBW versus pressure inside LBPP chamber.  This graph shows the 
average pressure inside the LBPP chamber that achieved the five desired percentages of 
total bodyweight (100%, 80%, 60%, 40%, and 20%) that each subject experienced while 
performing treadmill exercise.  From this graph there is an obvious negative correlation 
(r= -0.999) between increased pressure and percent total bodyweight.  This means that as 
pressure increases, bodyweight of the subject does down.  The error bars represent the 
standard deviation (SD).   
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Table 1. Numerical values of figure 9.  These are the average quantitative values of 
each subject that are depicted in Figure 9.  The column on the right shows the recorded 
average levels of power output on the potentiometer for each pressure achieved.  The SD 
of each column is shown in the final row.  
 
% Total Bodyweight Average Pressure 
(mmHg) 
Average Power Output 
of Vacuum 
Potentiometer 
100 0.0 0.0 
80 7.5 27.4 
60 16.1 40.0 
40 25.3 52.6 
20 34.8 66.3 
SD +/- 11.8 +/- 16.7 
 
 
A two-way ANOVA with multiple comparisons proved with significance that 
both percent of stance (p <0.0001) and force (p <0.0001) had an impact on variance of 
both the 2mph and 6mph plots.  The 2mph data calculated indicated that force had a 
larger impact on the data, with 86.44% of the total variation, while percent of stance had 
only 7.982% of the variation (Table 2).  This was different from the 6mph running data 
that conveyed both percent of stance and force carried around a 44% of total variation 
(Table 3).  The multiple comparisons performed separately on both the 2mph and 6mph 
data analyzed the significance for each level of unweighting at the same percent of stance 
(Table 2 and 3). These comparisons found each value at each level of unweighting to be 
significant to each other (P < 0.05).  The only two levels of unweighting that were not 
significant were the comparison of the 40% vs 20% TBW for the 6mph data (Tables 2 
and 3).   
The second two-way ANOVA performed with multiple comparisons looked at 
comparing the data of the separate speed parameters, 2mph and 6mph.  Significance in 
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percent of stance’s (p <0.0001), speed’s (p=0.0060), and the interaction of speed and 
percent of stance’s (p <0.0001) impact on variance was discovered (Table 2 and 3). The 
interaction of stance and speed had the largest percent of total variation (20.34%) 
between the three significant values.  Percent of total bodyweight had the highest overall 
value of percent of total variation at 47.17%.  The multiple comparisons performed 
between the 2 and 6mph data equated the values at different levels of unweighting with 
the same percent of stance (Table 2 and 3).  They showed significance (P<0.05) for the 
values of force times bodyweight between approximately 18% and 50% of stance, which 
was generally the time between the peaks of RFS and FFS. 
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Figure 10.  Force versus percent of stance at 2mph.  This graph displays the average 
force times bodyweight under the feet while walking at 2mph for every single step of 
each subject at each level of unweighting.  The force times bodyweight was found by 
normalizing the force under the feet based upon each subject’s individual weight.  The 
percent of stance was a normalization of the time it took to complete the stance phase of 
the foot strike.  The five colors on the plot correspond to the different levels of 
unweighting shown in the key, located under the x-axis.  The color error bars correspond 
to the SD for each unweighting level.  
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Table 2. Numerical values of figure 10.  This table displays the quantitative values that 
are depicted on the graph in Figure 10.  The SD of each column is shown in the final row. 
 
   Force x 
TBW 
  
% of stance 100%  80% 60%  40% 20% 
6.06 0.681 0.523 0.379 0.243 0.136 
12.12 0.968 0.700 0.471 0.286 0.156 
18.18 1.04 0.724 0.460 0.254 0.132 
24.24 0.986 0.666 0.403 0.216 0.108 
30.30 0.888 0.589 0.353 0.198 0.091 
36.36 0.834 0.541 0.337 0.194 0.085 
42.42 0.848 0.537 0.358 0.210 0.093 
51.51 0.957 0.616 0.429 0.254 0.111 
57.57 1.056 0.707 0.492 0.297 0.124 
63.63 1.140 0.799 0.567 0.339 0.135 
69.69 1.125 0.854 0.628 0.368 0.143 
75.75 0.974 0.841 0.643 0.370 0.142 
81.81 0.657 0.645 0.557 0.331 0.121 
87.87 0.515 0.414 0.360 0.243 0.105 
SD +/- 0.183 +/- 0.128 +/- 0.104 +/- 0.061 +/- 0.022 
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Figure 11. Force versus percent of stance at 6mph. This graph displays the average 
force times bodyweight under the feet while walking at 6mph for every single step of 
each subject at each level of unweighting.  The force times bodyweight was found by 
normalizing the force under the feet based upon each subject’s individual weight.  The 
percent of stance was a normalization of the time it took to complete the stance phase of 
the foot strike.  The five colors on the plot correspond to the different levels of 
unweighting shown in the key, located under the x-axis.  The color error bars correspond 
to the SD for each unweighting level.   
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Table 3. Numerical values of figure 11. This table displays the quantitative values that 
are depicted on the graph in Figure 10.  The SD of each column is shown in the final row. 
 
   
Force x 
TBW 
  
% of stance 100 80 60 40 20 
6.25 0.564 0.438 0.370 0.296 0.159 
12.50 1.254 1.019 0.808 0.575 0.313 
18.75 1.418 1.218 0.907 0.616 0.339 
25.00 1.718 1.496 1.061 0.669 0.377 
31.25 2.067 1.757 1.227 0.790 0.428 
37.50 2.226 1.848 1.312 0.886 0.434 
43.75 2.150 1.729 1.262 0.847 0.374 
50.00 1.947 1.508 1.084 0.680 0.275 
56.25 1.620 1.167 0.796 0.457 0.175 
62.50 1.199 0.778 0.502 0.261 0.114 
68.75 0.790 0.453 0.290 0.145 0.076 
75.00 0.437 0.238 0.161 0.121 0.070 
81.25 0.216 0.182 0.171 0.084 0.041 
87.50 0.119 0.085 0.153 0.061  
93.75 0.077 0.059 0.123   
100 0.043     
SD +/- 0.681 +/- 0.596 +/- 0.422 +/- 0.285 +/- 0.144 
  
 
Lastly, frame pictures taken directly from the F-scan software were used to 
provide a visual depiction for how the foot hit the ground under the different parameters.  
This facilitated a qualitative and quantitative analysis of the data.  These figures not only 
provide the average pressure underneath the feet for a male and female walking and 
running at each individual level of unweighting (Figure 11 and 12), but they also depict 
the beginning, middle, and end frames of a subject walking and running at 100% and 
40% TBW (Figure 13).   This provides us with knowledge of what numerical data 
actually corresponded to a RFS and FFS. 
  33 
 
 
 
Figure 12. Average pressure distribution under the feet for a subject weighing >55kg.  
This figure displays ten 3-D images of the average pressure under the feet at each level of 
unweighting for both 2 and 6 mph, using one of the male subjects in the study who 
weighed greater than 55kg.  The right foot was randomly chosen for each of these 
images, noted by the word “right” in the upper left corner of each image.  The relative 
location of the heel is located towards the bottom left corner of each image, while the 
forefoot is located towards the top right corner.  The calibration scale is located on the 
right, red representing the highest level of pressure and dark blue representing the lowest, 
with units of kg/cm2. 
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Figure 13. Average pressure distribution under the feet for a subject weighing <55kg.  
This figure displays ten 3-D images of the average pressure under the feet at each level of 
unweighting for both 2 and 6 mph using one of the female subjects in the study who 
weighed less than 55kg.  The right foot was randomly chosen for each of these images, 
noted by the word “right” in the upper left corner of each image.  The relative location of 
the heel is located towards the bottom left corner of each image, while the forefoot is 
located more towards the top right corner. The calibration scale is located on the right, 
representing red as the highest level of pressure and dark blue representing the lowest, 
with units of kg/cm2. 
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Figure 14. Pressure distribution under the feet at different frames of the stance phase.  
This figure displays twelve 3-D images of the pressure underneath the left foot of one 
random selected subject at different points of the stance phase for different parameters of 
speed and unweighting. The left foot was randomly chosen for each of these images, 
noted by the word “left” in the upper left corner of each image. The column of images 
represents the sequence of the stance phase, the left column representing the beginning of 
the stance phase, the middle column representing the midway portion of the stance phase, 
and right column representing the end of the stance phase.  The top two rows above the 
blue line represent the data for 100% TBW.  The two rows below the blue line represent 
the data for 40%TBW.  The calibration scale (not pictured), would indicate red as the 
highest level of pressure, and dark blue as the lowest, using units of kg/cm2. (Figure 
shown on previous page) 
  
 
DISCUSSION 
 
Main Points 
 After data collection, organization, and analysis were completed our 
comprehensive evaluations of the data did not completely support our first hypothesis, 
but did support our second hypothesis.  Specifically, we were not able to definitively 
conclude for our first hypothesis that increased LBPP causes a shift towards a forefoot 
strike.  However, our second hypothesis was supported by our participants’ movement 
with a RFS pattern for increasing speeds and unweighting.  We did find data to argue for 
the support of our first hypothesis, and with certain changes to the study and more time 
for subject recruitment, the desired hypotheses could lead to significant results.  The data 
collected has plenty of relevance to the fields of biomechanics, exercise, and 
rehabilitation. Future studies like ours will help develop better exercise protocols for 
LBPP exercise.  The conclusions we made on the data presented came from the actual 
quantitative values that the software recorded.  There were preliminary observations 
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made from subjective discussions with subjects to understand their experiences 
exercising in the chamber.  The graphs, tables and pictures of the data allowed for 
conclusions to be made, but it was interesting to learn what the subjects were 
experiencing within the chamber. The next steps include using the information presented 
in this paper to construct further research that delves deeper into the benefits of both 
speed and unweighting in speeding up and enhancing rehabilitative recovery processes 
due to lower body injuries.  We hope this study and future research, together, can be 
effectively used to continue to help improve our rehabilitative protocols.   
 
Data Evaluations 
 In comparing our data with past studies, we saw comparable in-shoe maximal 
forces (Fmax) to previously reported studies10,15,31. Also, the faster treadmill speed, 6mph, 
corresponded to a higher Fmax than the 2mph speed, which is similar to other research, 
along with an overall greater strike rate11, 33.  We did recognize a decreased contact time 
and increased flight time with increasing bodyweight support, which, again, was 
described in past studies on LBPP33.  These initial observations were important to the 
validation of the data recorded.  It communicated to our team that the LBPP machine 
being used to record our data was effective in producing comparable results to studies 
that incorporated LBPP machinery, like an AlterG, or the scientifically proven reduction 
of gravity found in space.  These results revealed components supported by past research, 
giving us confidence in the results we produced.  
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As previously mentioned, the first focus of this study was to observe a shift to a 
FFS with reduced gravity, or, in this case, increased unweighting in the chamber.  From 
the data in the force by stance graph for 2mph, the shift to a FFS with increased LBPP 
from a normalized strike pattern at 100% TBW is not clear (Figure 10).  This is based 
upon the presence of the impact transient peak present at the beginning of the stance at 
every level of unweighting, which relates to a RFS hitting the ground first.  The figure 
does show a clear reduction in force along the x-axis compared with each level of 
increased unweighting for both speeds of exercise, which was confirmed in past research 
(Figure 10)10,15,31.  Yet, presence of a RFS could not be absolutely determined, due to a 
lack of significant data supporting the idea that an increase in LBPP causes a shift to a 
FFS.  Our assumption that the first peak is a RFS is based upon the fact that a larger peak 
is found later in time of the first peak, near the end of stance phase, which depicts a 
transfer of force from the back of the foot to the front of the foot right before liftoff 
(Figure 10).  This is also confirmed by specific frame pictures taken directly from the F-
Scan software of a random subject that show the location of pressure under the feet at 
specific points of their stance phase and under different levels of unweighting (figure 14).  
The heel strikes first at the beginning of the stance phase, followed by the distribution of 
pressure to the middle of the foot and forefoot at the middle of the stance phase, then at 
the end of stance phase a larger pressure at the forefoot occurs right before liftoff of the 
foot (Figure 14).  
 This did not support our expectations or prior research that demonstrated an 
absence of this increased peak with reduced gravity or increased LBPP10, 36.  The way in 
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which our data were analyzed could have had an impact on the final results.  Figure 10 
was created to present a combined average of each individual left and right foot strike for 
all 10 participants under the selected speed and unweighting.  Thus, there could be 
individuals that demonstrated more of a shift towards a FFS under higher levels of 
unweighting, but this was masked in the results because there were more individuals who 
did not display this change.  This is the case for one subject who showed a minimal 
presence of a RFS, while being unweighted to 40% or 20% TBW (Figure 12).  This can 
be seen in the last two columns of the top row of the image (Figure 12).  Comparing the 
data of a subject weighing under 55kg with those of a subject weighing greater than 55kg, 
we actually found the subjects who weighed under 55kg to demonstrate more instances of 
a shift towards a FFS with increased unweighting at 40% and 20% TBW, while walking.  
Opposingly, individuals weighing greater than 55 kg, more readily show a presence of a 
transient impact peak and RFS while walking.  
  Considering we cannot definitively conclude that there is an obvious shift to a 
FFS while walking caused by LBPP, it is difficult to say that increased exercise speed 
causes this FFS to revert back to a normal RFS.  However, from the force times 
bodyweight by percent of stance curve for the 6mph data, we can see clearly a small 
bump at the beginning of the stance phase, followed by a larger peak towards the end of 
the stance phase (Figure 11).  This would explain the presence of a RFS followed by a 
conversion of force to the forefoot.  Again, the frame pictures taken directly from the F-
Scan software show this transient impact of the heel first while running at 40% TBW 
(Figure 14).  There is also evidence of a RFS pattern versus FFS pattern with increased 
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exercise speeds at higher levels of unweighting, suggested by the average pressures under 
the feet for two randomly chosen subjects (Figure 12 and 13).    Clear separation in the 
two force peaks that occurs in the 2mph walking data, does not appear in the 6mph 
running data, but this could simply be because the transfer of force is much faster with 
running than that of with walking, so the frequency of data point collection could not pick 
up the change (Figure 10 and 11).  Again, separating our participants by their weights, it 
is interesting that the subjects that weigh less than 55kg show a clear separation in 
transient impact peak, in comparison to the subjects who weighed greater than 55kg.  
Another theme of the data are the presence of fewer uniform patterns of pressure 
distribution under the foot throughout the stance phase at the highest level of 
unweighting, 20%TBW, for both 2 and 6mph.  This is the case for numerous subjects 
performing the treadmill exercise at 20%TBW, which was previously found in similar 
research10,31.  This could mean that unweighting a person to 20% TBW may initially lift 
them too dramatically to determine LBPP’s effect on strike pattern, so more focus should 
be placed on data between 80% and 40% TBW.  The reason for these results could be 
that individuals were not accustomed to running under these conditions, and as a result, 
their lower extremity was not consistent in the way it allowed the foot to hit the ground 
each time. This should not deter clinicians from the use of unweighting to 20%TBW with 
LBPP in rehabilitative practices, as it could be very useful for patient movement after 
major surgical repair; however, more instruction on biomechanics may be necessary.  As 
patients progress, clinicians may find that higher levels of LBPP have provided a greater 
opportunity to affect the biomechanics of strike pattern, and they may have to inform 
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their patients to strike properly if applicable.  Another piece of the data that does support 
our first hypothesis is the noticeable decrease in the size of the transient impact peak as 
the unweighting of the subject increased.  This explains that there is less force being 
placed on the heel with increased unweighting, just not a complete transfer to a FFS.  
Overall, we can conclude that there is a definite change in the strike pattern of subjects 
performing treadmill exercise under lower body positive pressure, but this change is not a 
clear shift to a forefoot strike according to the limits of our data.   
 
Interesting Takeaways 
 There were discussions held with subjects after the protocol was completed to 
discuss what they felt under the different parameters within this study.  What they 
detailed may have helped clear up why there was a presence of a RFS pattern with 
increased LBPP.  Many of them explained that they sensed the effects of unweighting 
pushing them more towards the front of their foot at impact, especially while walking. 
The majority also stated that they felt the run forced them back into what they described 
as their normal strike pattern with the heel contacting the ground first.  The most 
fascinating information they revealed was that as the LBPP was pushing them to walk 
more on their toes, they began actively thinking about their strike, and tried to reinstate 
their normal gait themselves to walk normally, having their heel strike the ground first.   
This theme of forced heel-strike seemed to be accessible by only the individuals 
greater than 55kg.  Subjects who weighted under 55kg were asked if they thought it was 
plausible for them to force their normal heel strike at higher pressures.  They responded 
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that they thought it would have been very challenging for them to RFS normally at higher 
levels of unweighting.  It may be entirely possible that the individuals weighing greater 
than 55kg had the strength to forcefully heel strike under higher unweighting conditions.  
This may explain why there was still a presence of RFS with increased LBPP in those 
participants.  If this was the case, and subjects weighing greater than 55kg were 
instructed to not adjust their strike pattern to match their normal one, then our first 
hypothesis might have been supported, which subsequently would have supported the 
second hypothesis.  Overall, the explanations of what subjects felt and experienced within 
the chamber cannot be effectively measured without a standardized method. Thus, these 
observations only identify possible adjustments to future studies and their methods that 
would incorporate an evaluation of these observations. These changes could be used to 
provide further evidence to support future hypotheses.  This is why it is important to find 
and use every method of collecting and analyzing the data.   
 
Clinical Implications 
What does all this information mean clinically?  Well, the inability to make 
conclusions on our hypotheses prevented us from providing clear-cut answers. However, 
plenty can still be taken away from these data and used for future research on LBPP and 
its effect on the biomechanics of movement.  There is already plenty of evidence to 
support the use of LBPP and the AlterG to help expediate the recovery of injuries and 
decrease the amount of bedrest patients must experience.  Future research is needed to 
develop the best protocol using different speed and unweighting parameters for specific 
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injuries.  There is evidence from past studies, as well as this one, that suggests speed and 
unweighting are efficient tools to control the way in which the foot collides with the 
ground while performing treadmill exercise.  An exact replica of our study should be 
conducted with an AlterG in order to compare those results to our own.  This assessment 
would be beneficial for researchers to understand if our LBPP chamber was the reason 
for the outlying data.  It would be intriguing to see if speed played a significant role in the 
strike pattern of subjects with increased unloading in the AlterG.  If a FFS was observed 
at walking speeds with increased LBPP, while running speeds caused a switch to a RFS 
to take place, then the original hypotheses of this study could be supported.  
Additionally, I believe there is an opportunity to expand upon this study with the 
implementation of vocal direction that accompanies the exercise protocol to see its 
impact.  As already discussed above, at 20% TBW there is reduction in the organized 
transfer of force in the foot strike compared to other levels of unweighting, which creates 
a notion that unfamiliarity in performing exercise at these high levels of LBPP might 
cause people to have erratic biomechanics.  Thus, I think it would be intriguing to have 
researchers introduce some level of verbal instruction to the participants to have them 
focus more on their walking and running mechanics instead of allowing them to move 
freely on their own.  I would be curious to see if this instruction would help complement 
or deter the well-researched effects of LBPP, like increased forefoot strike.  For example, 
if subjects were told to not force any movement, but do what feels less natural, subjects 
may be less inclined to force a RFS, like some of the subjects in this study.  This 
direction could be valuable clinically for a rehabilitative practice, for example when 
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using LBPP in the recovery of an Achilles rupture.  If clinicians were to instruct the 
subject on how to move within the chamber, using a FFS to perform the weighted 
movement, patients could regain strength in the ankle joint without putting unwanted 
stress and movement on the repaired tendon.  Or opposingly, if you asked for patients to 
attempt to RFS at higher levels of LBPP, this might help prevent the altering of their 
normal biomechanics in everyday movement, which can create stress and injury on new 
anatomical areas.  The appropriate commands would have to be well thought-out, and 
then used within research to see which order produced the best and most desired results.  
The instructions could also be easily introduced into clinicians’ rehabilitative practices, 
considering physical therapists are accustomed to giving instruction during supervised 
exercise.  It may be beneficial to use questionnaires that the participants could fill out 
after exercising with LBPP that would offer them an opportunity to describe their 
experiences under the different unweighted and speed parameters, as well as, how they 
responded to different commands.  This would be a method of evaluating their responses 
to the commands. 
 Lastly, it would be interesting to perform a similar study that looked at how 
weight and muscular strength influence the deviation of the data, along with speed and 
LBPP.  LBPP appeared to have more of an influence on the biomechanics of individuals 
that weighed less than 55kg within this study, considering their inability to force a RFS at 
higher levels of LBPP (Figure 13). This could be the result of the difference in muscular 
strength of these individuals compared to subjects who weighed more, seeing as the 
subjects who weighed more than 55kg could RFS at higher levels of LBPP (Figure 12). 
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This information establishes a reason to continue to dive deeper into this scientific topic, 
in order to see if LBPP may be more effective on people with less overall strength.  If this 
is the case, it would certainly still be a great tool to use for a growing elderly population 
that has limited strength and needs to find ways to keep moving, even after injury.     
  
Limitations of the Study 
The protocol creation, data collection, and statistical analysis of this study were 
extensively discussed and orchestrated.  They were also performed with the utmost 
integrity, detail, and precision.  Many individuals from the UCSD lab were involved in 
the completion of this study, using their own expertise within the field of exercise and 
rehabilitative science.  Yet, there were certain factors of this study that may have had 
potential effects on the outcomes produced.   
The first limiting factor may have been caused by the custom designed Lexan 
glass LBPP chamber used.    Since the size of chamber was fixed, it did not produce the 
same level of comfort for all the subjects.  Every subject was able to secure themselves 
into the chamber, but the waist seal did come up higher on subjects that were shorter, 
making movement within the chamber more awkward.  This may have affected their 
overall strike pattern. The kayak girdle that we used for our seal was well used by the 
time this study started and had a habit of not staying secure to the chamber at the highest 
level of unweighting, 20%.  This forced us to secure the seal with high-grade tape, which 
worked well, but it was not applied exactly the same way with each subject trial.  This 
could have potentially skewed the accuracy of the correlation between increased pressure 
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in the chamber and level of unweighting for each subject. The chamber alone required 
several weeks of maintenance before the trials began, making sure our subjects could 
effectively be lifted with a high level of positive pressure being maintained in the 
chamber.  These repairs we discussed in the methods section, allowed us to operate this 
chamber in order to perform data collection, but there was no way to analyze the 
correlation of pressure and unweighting to that of an AlterG. 
 Additionally, the F-scan sensors used throughout each trial were not the easiest 
products with which to work.  Because our subjects were asked to run in this study, the 
sensors had to be secured to the insoles of their sneakers. There were numerous occasions 
where these sensors had to be readjusted or reset because they were displaying an 
incomplete force distribution while the subject was walking or running.  The cells within 
these foot sensors that record the data have a short lifespan. The decision to use a specific 
sensor was made considering the individual’s shoe size and the overall amount of use of 
that one sensor had undergone.  Brand new sensors could not be used each time due to 
cost constraints.  Ultimately, this meant that the subjects who used newer or less used 
sensors to record their data may have produced more precise or true data compared to 
their actual values.     
 Lastly, although it was already mentioned in several sections of this discussion, 
the subjects that forced their normal foot strike pattern at higher levels of LBPP, were 
actually skewing the overall results.  It would have been interesting to see if we continued 
to recruit more participants, if the same results would have been recorded.  With all this 
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being said, considering we saw similar trends to past publications that were performed 
using LBPP, we believe in the level significance of the data we produced. 
 
Conclusion 
In closing, this study produced valuable data that may have the power to 
contribute to clinicians, continuing to streamline and improve rehabilitative practices that 
will hopefully help injured patients return to a better quality of living.  Then maybe we 
will see health care costs decrease.  Not having the ability to make a definitive conclusion 
on our first hypothesis was not a desired outcome, but our results can certainly be used 
for future studies to complement and build upon, in order to make a great impact on how 
our clinicians practice rehabilitative medicine.  The hope is that this study will provide 
valuable insight for future researchers, and that its outcomes will have a positive impact 
on health care costs. 
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